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Introduction
Agility performance is regarded an essential skill in 
many team sports including all football codes and court 
based sports such as basketball, netball and handball [1]. 
Agility encompasses a perceptual decision-making pro-
cess and movement action [2] which is achieved by exe-
cuting a whole-body reorientation strategy [3]. A practical 
example of agility performance in the context of rugby is 
when the ball carrier uses deceptive movement to trick a 
defender into thinking they will run in one direction when 
they rapidly execute a run in the opposite direction [4]. 
Performance research has shown evasive agility strategies 
as key determinants of positive tackle outcomes [5].
Despite advancements in understanding agility perfor-
mance [3,4,6] and agreement on its importance in sports 
performance [1,7] implementation of agility tests have 
been limited in team sports. Agility performance has pre-
dominantly been assessing the Change of Direction (COD) 
movement action in tests such as pro-agility shuttle [8], 
505 change of direction test [9], change of direction speed 
test [10], Y step test [11] and Illinois test [12], that do not 
involve the assessment of perception [6] and action to a 
game specific stimulus. The named COD tests principally 
assess attacking agility actions which further limits their 
ecological validity in team sports as performance is depen-
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Abstract
Agility performance tests are limited by the requirement for 
force plates, timing gates or expensive camera systems 
making application into practice challenging. The primary 
aim of this study was to assess the inter-rater reliability of a 
field based 1v1 agility test encompassing perceptual-action 
performance. A secondary aim was to assess the relation-
ship between the 1v1 agility tests with a range of physical 
performance tests including a commonly used Y step test. 
The third aim was to contrast the physical performance of 
high performing players against lower performing players 
in terms of agility action performance. Twenty-eight male 
rugby union players volunteered (age 19.3 ± 2.2 years, age 
range 18-24, body mass 96.5 ± 13.3 kg). Participants were 
randomly assigned to attack or defensive roles within a sim-
ulated rugby evasion task (1v1 agility test). Previously uti-
lized performance scoring (1) was modified to assess agil-
ity performance. Two independent investigators reviewed 
video recordings to score attacking and defensive perfor-
mance. Cohens Kappa statistic showed inter-rater reliabil-
ity of agility scoring to be almost perfect, 861 (CI 0.816 to 
0.917). Attacking agility had a large significant relationship 
with Y step performance (r = -0.577, p = 0.001), single leg 
repeat hop height (r = 0.570, p = 0.002) and body mass (r 
= -0.537, p = 0.003). Defensive agility outcome had a large 
significant relationship with CMJ flight time-contraction time 
ratio (r = 0.580, p = 0.001) and CMJ concentric duration (r = 
-0.656, p = 0.000). The Y step test shares 33% of common 
variance with 1v1 attacking and 5% with defensive agility 
performance likely due to significantly greater frontal and 
transverse plane movement during agility compared to the 
change of direction tests. We recommended the 1v1 agility 
test be included as part of physical profiling of team sports 
players.
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dent upon agility actions in both attacking and defensive 
scenarios, as has been demonstrated in rugby union [13].
It is recommended during advanced rehabilitation 
from injury that players should progress from pre-planned 
change of direction to reactive agility drills with appropriate 
movement efficiency prior to integrating into team prac-
tice activities [14,15]. To enable objective performance cri-
teria for use in athlete-practitioner decision making during 
the rehabilitation process [14] appropriate agility tests are 
required. A major hurdle to overcome in implementing 
agility performance tests with athletes or applying during 
injury rehabilitation is the need for force plates [16], timing 
gates [17] and expensive camera systems [6,17]. The aims 
of this study were to assess the reliability and practicality 
of implementing a field based agility test encompassing 
perceptual-agility action performance. Secondly, to assess 
the inter-relationships between the agility test and various 
athletic performance tests. Lastly, to contrast the physical 
performance of high performing players against lower per-
forming players in terms of agility action performance.
Methods
Twenty-eight male rugby union players volunteered 
to participate in this study (Mean ± SD age 19.3 ± 2.2 
years, age range 18-24, body mass 96.5 ± 13.3 kg). At 
the time of testing all players were selected in an Acad-
emy pathway within a Professional Rugby Union Team 
and participating regularly in competitive games. Partic-
ipants undertook an information session explaining test 
protocols utilized within this study as well as a practical 
familiarization session of the 1v1 Agility test on a simi-
lar artificial pitch surface to the testing venue. Players 
provided written informed consent and were free to 
withdraw from the study at any stage without penalty. 
The study was conducted in accordance with the World 
Medical Association (WMA) Declaration of Helsinki [18].
Test procedures
A standardized warm up performed prior to testing, in-
volving 5-minutes jogging, 5-minutes dynamic mobility ex-
ercises, five accelerations over 30 meters and five change 
of direction movements over 10 meters undertaken with 
progressive intensity as determined by participants. Active 
recovery followed each warm up activity whereby partici-
pants walked back to their starting position. Testing for all 
players took place on an indoor artificial grass surface with 
participants wearing shorts, rugby t-shirt and appropriate 
short studded rugby boots. Participants refrained from any 
physical exercise for 48 hours prior to testing to ensure the 
absence of acute fatigue.
Tests of physical performance
Following previously utilized protocols a series of phys-
ical performance tests were completed by all participants 
under the guidance of the lead investigator, these includ-
ed; 10-meter acceleration [9], Y step test [11], single leg 
repeat vertical hop test [19], Countermovement Jump 
(CMJ) & isometric squatat an external knee angle of ninety 
degrees of knee flexion (Isometric squat90) [20]. All tests 
except for the isometric squat90 were performed prior to 
the 1v1 Agility test. To reduce potential for fatigue all tests 
had a 2-minute recovery period between each trial with a 
15-minute recovery period following each individual test. 
At least three trials were completed for each physical per-
formance test, with the average of the best two taken for-
ward for statistical analysis.
1v1 Agility test
Participants were randomly paired into attacking or 
defensive roles for each 1v1 dual. This specific rugby 
task as has been previously used to assess deceptive 
movement in the side step using virtual reality technol-
ogy [4] and a video prediction task [21]. A 12 m × 12 m 
grid was marked using cones every 1 m to identify the 
playing area. Attackers were required to carry a rugby 
ball and started in the middle at one end of the playing 
area, whilst defenders were positioned in the middle 
at the opposite end of the playing area. Objectives and 
instructions used by Young and Murray [1] were adapt-
ed and implemented within this study. The objective of 
the defending players was to prevent the attacker from 
scoring a try using defensive agility to move to a position 
to tackle the attacking player by making contact using 
both hands around the attacker (below shoulder height 
in accordance with World Rugby Law 10.5). The objec-
tive of the attacking player was to evade the defender 
without being tackled and score a try by grounding the 
ball on the line which the defender began the dual. At-
tacking players triggered the 1v1 dual, by moving from 
their static start position. Defending players held a stat-
ic starting positon and reacted to the attacking players 
first movement. Players were instructed to stay within 
the playing area. The simulated tackle was detected as 
a touch on the attacking player and did not involve di-
rect body contact. Objectives and scoring system were 
explained to participants during the information ses-
Table 1: Agility test outcome criteria. 
Score Defensive outcome Attacking outcome
3 Both arms around torso simultaneously with elbows 
flexed
No touch of body at all
2 Both arms around torso simultaneously with arms 
straight (elbows extended)
One hand touch on torso
1 One hand touch on torso Both arms around torso simultaneously with arms straight 
(elbows extended)
0 No touch of body at all Both arms around torso simultaneously with elbows flexed 
or went outside area, or did not cross end line, offended
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tests were used to assess the difference between high 
performing and lower performing agility groups, deter-
mined by median splitting the sampled participant’s agil-
ity score in accordance with previous grouping methods 
[24,25]. High performers were determined as players 
with attacking agility ≥ 33%, defensive agility ≥ 67% and 
composite agility score ≥ 50%, with scores below this 
forming the lower performing agility group. Effect Size 
(ES) was calculated to determine the magnitude of dif-
ference between groups and classified as trivial (< 0.2), 
small (0.2-0.6), moderate (0.6-1.2), large (1.2-2.0), and 
very large (2.0-4.0) [26]. Asymmetries were calculated 
using the symmetry angle protocol discussed by Zif-
chock, et al. [27] with asymmetry values transformed to 
absolute values for statistical analysis. Isometric squat90 
was performed as a bilateral test, therefore asymmetry 
was calculated based on the recommendations of Bish-
op, et al. [28] whereby the Symmetry Index (SI) equation 
was utilized (SI = [larger value-smaller value]/total value 
*100). Values close to zero constitute nearly perfect be-
tween limb symmetry with larger values demonstrating 
greater asymmetry.
Results
The Shapiro-Wilk test showed dependent variables 
were normally distributed in addition to Levene’s homo-
geneity of variance test finding no significant difference 
between group variance. Inter-rater reliability of agility 
outcome scores assessed using the Cohens Kappa sta-
tistics was 0.861 (CI 0.816 to 0.917) with the strength of 
agreement classified as almost perfect. Correlations be-
tween agility outcome scores and physical performance 
tests are shown in Table 2. Attacking agility outcome 
had a moderate significant relationship with defensive 
sion and practically demonstrated during the practical 
familiarization session. Participants were not provided 
any feedback on their performance in real time. All tri-
als were completed within a 60-minute period, with 1v1 
duals taking place every 30 seconds. Previously utilized 
agility performance outcome scoring [1] were modified 
and applied to the coding of agility performance. De-
scriptive criteria are provided in Table 1 for agility test 
outcome. Two investigators independently reviewed 
video footage containing two camera angles (behind the 
attacker and side on to the playing area) to score the 
agility test outcome for attacking and defending players. 
Performance scores for attacking agility and defensive 
agility were calculated as the total score achieved divid-
ed by the best possible score, multiplied by 100.
Statistical analysis
Prior to analysis data was visually inspected for nor-
mality. A Shapiro-Wilk test assessed the distribution of 
the data with Levene’s test checking the homogeneity 
of variance. Pearson’s correlation coefficient assessed 
the relationship between agility performance outcome 
score and physical performance tests, using interpre-
tative thresholds [22]. Statistical significance was set at 
p ≤ 0.05. Statistical calculations were performed using 
IBM SPSS Statistics 22 software (SPSS Inc., Chicago, IL, 
USA). Kappa (k) statistic was used to assess the level of 
agreement between two testers rating of agility perfor-
mance outcomes. Interpretative magnitudes for the lev-
el agreement were based on the recommendations of 
[23] whereby < 0 less than chance agreement, 0.01-0.20 
slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 
moderate agreement, 0.61-0.80 substantial agreement, 
0.81-0.99 almost perfect agreement. Independent t 
Table 3: Comparison between high and lower performing attackers.
High 
performing 
attackers 
(n = 15)
Low 
performing 
attackers 
(n = 13)
Difference
95% Confidence 
Interval of the 
Difference p value ES
95% 
Confidence 
Interval of the 
ES
Mean SD Mean SD Lower Upper Lower Upper
Body mass (kg) 89.13 9.95 104.9 11.70 -15.77 -24.179 -7.367 0.001 -1.46 -2.249 -0.588
10 meter acceleration (s) 1.759 0.065 1.833 0.047 -0.074 -0.119 -0.030 0.002 -1.29 -2.069 -0.445
Y side step (s) 1.831 0.095 1.960 0.081 -0.129 -0.199 -0.060 0.001 -1.46 -2.242 -0.583
Attacking agility (%) 56.87 15.42 20.31 10.40 36.56 26.17 46.95 0.000 2.74 1.642 3.678
Defensive agility (%) 72.47 19.00 52.54 15.29 19.93 6.385 33.47 0.006 1.15 0.315 1.910
Composite agility (%) 64.53 12.78 36.31 10.40 28.23 19.08 37.37 0.00 2.40 1.372 3.296
SL repeat hop (cm) 16.86 2.51 12.11 2.086 4.745 2.933 6.556 0.000 2.04 1.075 2.887
SL repeat hop asymmetry (%) 3.827 1.884 5.000 2.715 -1.173 -2.969 0.622 0.191 -0.51 -1.248 0.260
Iso squat (Net force, N) 1753 282.3 1746 371.2 6.929 -247.3 261.1 0.956 0.02 -0.722 0.763
Iso squat (Relative force, N·kg-1) 2.007 0.222 1.700 0.358 0.307 0.079 0.535 0.01 1.05 0.228 1.806
Iso squat asymmetry (%) 3.607 2.752 4.577 3.705 -0.970 -3.484 1.543 0.435 -0.30 -1.039 0.455
CMJ jump height (m) 0.395 0.047 0.366 0.050 0.029 -0.009 0.067 0.127 0.60 -0.177 1.339
CMJ peak power (W) 5083 751.2 5424 576.7 -341.1 -867.9 185.7 0.195 -0.50 -1.243 0.264
CMJ relative power (W·kg-1) 56.97 4.85 52.00 5.480 4.962 0.952 8.973 0.017 0.96 0.153 1.718
CMJ FT.CT Ratio 0.791 0.123 0.678 0.090 0.113 0.028 0.198 0.011 1.04 0.220 1.796
CMJ_EccDur (s) 0.193 0.027 0.190 0.054 0.003 -0.030 0.035 0.866 0.06 -0.680 0.806
CMJ_Conc_Dur (s) 0.240 0.033 0.268 0.024 -0.028 -0.051 -0.006 0.016 -0.97 -1.729 -0.163
Abbreviations: Iso Squat = Isometric squat90; CMJ = Countermovement Jump; FT: CT = ratio of Flight Time to Contraction Time; 
EccDur = Eccentric Duration; Con Dur = Concentric Duration; s = Seconds; N = Newtons; w = watts.
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Discussion
This study aimed to assess the reliability of a field 
based 1v1 agility test. Performance scoring of the 1v1 
agility test was found to have almost perfect inter-rater 
reliability in accordance with previously implemented 
scoring systems in male AFL players [1]. Nearly perfect 
scoring agreement between testers is likely a result of 
simplistic outcome criteria as well as having video foot-
age from multiple angles to enable retrospective scor-
ing. Real time scoring was not used within this study 
but may be a consideration for physical therapists and 
strength and conditioning coaches in practical settings 
without video access or working under time pressures.
A deterministic model of agility performance has 
been presented by Hewit, et al. [29] with key compo-
nents underpinning COD performance identified as; be-
tween limb asymmetry, relative strength and relative 
power. We found higher levels of asymmetry in the re-
peated hop test had a moderate significant relationship 
with agility performance (attack r = -0.435, p = 0.021; de-
fense r = -0.436, p = 0.02) but not 10-meter acceleration 
(r = -0.056, p = 0.776) or Y step performance (r = 0.051, p 
= 0.796). Practically, this highlights that players with less 
asymmetry performed better in the 1v1 agility, but COD 
and sprint tasks were not influenced by player asymme-
tries. Relative strength (IS90) assessed in our study had 
a moderate significant relationship with attacking and 
defensive performance but relative power (CMJ) was 
only related to attacking performance. Comparative-
ly we found similar correlations between strength and 
power qualities with change of direction performance 
as shown by Spiteri, et al. [16], although the physical 
agility outcome (r = 0.490, p = 0.008), 10-meter accel-
eration (r = -0.477, p = 0.01), isometric squat relative 
strength (r = 0.376, p = 0.049), CMJ relative power (r = 
0.412, p = 0.029), CMJ flight time-contraction time ra-
tio (r = 0.494, p = 0.008), CMJ concentric duration (r = 
-0.499, p = 0.007), and single leg repeat hop asymmetry 
(r = -0.435, p = 0.021). Attacking agility outcome had a 
large significant relationship with Y step performance (r 
= -0.577, p = 0.001), single leg repeat hop height (r = 
0.570, p = 0.002) and body mass (r = -0.537, p = 0.003). 
Defensive agility outcome had a moderate significant 
relationship isometric squat relative strength (r = 0.437, 
p = 0.002), single leg repeat hop asymmetry (r = -0.436, 
p = 0.002) and body mass (r = -0.445, p = 0.018). Defen-
sive agility outcome had a large significant relationship 
with CMJ flight time-contraction time ratio (r = 0.580, p 
= 0.001), CMJ concentric duration (r = -0.656, p = 0.000).
High performing attackers had significantly faster 
10-meter acceleration (p = 0.002, ES = -1.29), faster Y 
step time (p = 0.001, ES = -1.46), higher single leg re-
peat hop height (p = 0.000, ES = 2.04), higher relative 
isometric squat strength (p = 0.01, ES = 1.05), higher 
CMJ relative power (p = 0.017, ES = 0.96), CMJ flight 
time-contraction time ratio (p = 0.011, ES = 1.04) and 
faster CMJ concentric duration compared to lower per-
forming players (p = 0.016, ES = -0.97). High performing 
defenders had significantly higher relative strength (p 
= 0.003, ES = 1.23), CMJ flight time-contraction ratio (p 
= 0.033, ES = 0.86) and faster CMJ concentric duration 
compared to lower performing players (p = 0.006, ES 
= -1.14). Descriptive data for high and low performing 
players in attacking and defensive agility are presented 
in Table 3 and Table 4 respectively.
Table 4: Comparison between high and lower performing defenders.
High 
performing 
defenders 
(n = 16)
Low 
performing 
defenders 
(n = 12)
Difference 95% Confidence 
Interval of the 
Difference
p value ES 95% 
Confidence 
Interval of the 
ES
Mean SD Mean SD Lower Upper Lower Upper
Body mass (kg) 90.91 11.40 103.85 12.30 -12.94 -22.19 -3.68 0.008 -1.10 -1.864 -0.266
10 meter acceleration (s) 1.780 0.068 1.811 0.066 -0.031 -0.084 0.022 0.241 -0.457 -1.201 0.313
Y side step (s) 1.878 0.111 1.908 0.109 -0.029 -0.116 0.057 0.491 -0.267 -1.010 0.493
Attacking agility (%) 48.75 20.95 28.08 20.06 20.67 4.51 36.82 0.014 1.00 0.184 1.766
Defensive agility (%) 77.25 10.76 44.50 11.81 32.75 23.94 41.56 0.000 2.92 1.780 3.888
Composite agility (%) 62.94 13.78 36.08 11.02 26.85 16.89 36.81 0.000 2.12 1.133 2.976
SL repeat hop (cm) 15.28 3.21 13.82 3.42 1.463 -1.126 4.051 0.256 0.444 -0.326 1.187
SL repeat hop asymmetry (%) 3.913 2.470 4.983 2.098 -1.071 -2.892 0.750 0.238 -0.462 -1.206 0.309
Iso squat (Net force, N) 1787 258.6 1701 395.0 86.18 -167.67 340.03 0.491 0.266 -0.493 1.010
Iso squat (Relative force, N·kg-1) 2.013 0.228 1.667 0.342 0.346 0.125 0.567 0.003 1.23 0.381 2.002
Iso squat asymmetry (%) 3.806 2.737 4.392 3.845 -0.585 -3.138 1.967 0.641 -0.180 -0.925 0.575
CMJ jump height (m) 0.384 0.045 0.379 0.057 0.005 -0.035 0.045 0.785 0.106 -0.646 0.852
CMJ peak power (W) 5080 687.3 5456 649.9 -376.3 -903.5 151.0 0.154 -0.560 -1.306 0.218
CMJ relative power (W·kg-1) 56.04 5.183 52.83 5.933 3.213 -1.114 7.540 0.139 0.583 -0.197 1.329
CMJ FT.CT Ratio 0.781 0.120 0.683 0.103 0.098 0.009 0.187 0.033 0.86 0.056 1.616
CMJ_EccDur (s) 0.191 0.026 0.193 0.057 -0.002 -0.035 0.031 0.905 -0.046 -0.793 0.704
CMJ_Conc_Dur (s) 0.239 0.031 0.271 0.024 -0.032 -0.054 -0.010 0.006 -1.14 -1.908 -0.303
Abbreviations: Iso Squat = Isometric squat90; CMJ = Countermovement Jump; FT:CT = ratio of Flight Time to Contraction Time; 
EccDur = Eccentric Duration; Con Dur = Concentric Duration; s = seconds; N = Newtons; w = watts.
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persons [32]. The 1v1 agility test employed within this 
study was not specifically used to assess limb symmetry 
as the authors felt the total number of trials performed 
may be proportionally biased to one limb. However, 
the scoring criteria could enable the assessment of limb 
symmetry as criteria for RTP [33] given enough trials 
were performed between limbs with baseline values es-
tablished for participants.
Conclusions
The 1v1 agility test offers a practical solution to assess 
agility performance with almost perfect inter-rater reli-
ability without the need for sophisticated equipment. It 
is recommended that the 1v1 agility test be included as 
part of physical performance testing rather than relying 
solely on linear or COD based tests to evaluate the com-
plexity of agility action performance.
We found similar commonalities in the physical per-
formance qualities underpinning COD performance, but 
are the first to show such relationships with agility per-
formance inclusive of perceptual-action performance. 
As the perceptual component of the 1v1 agility test was 
not measured, future work may benefit from investi-
gating the perceptual performance using the 1v1 agility 
test. Furthermore, the usefulness of the 1v1 test as a 
RTP marker warrants future research.
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